Mating elicits two postmating responses in many insect females: the egg laying rate increases and sexual receptivity is reduced. In Drosophila melanogaster, two peptides of the male genital tract, sex-peptide and DUP99B, elicit these postmating responses when injected into virgin females. Here we show that the gene encoding DUP99B is expressed in the male ejaculatory duct and in the cardia of both sexes. The DUP99B that is synthesized in the ejaculatory duct is transferred, during mating, into the female genital tract. Expression of the gene is first seen in a late pupal stage. Males containing an intact ejaculatory duct, but lacking accessory glands, initiate the two postmating responses in their female partners [Xue, L. & Noll, M. (2000) Proc. Natl Acad. Sci. USA 97,[3272][3273][3274][3275]. Although such males synthesize DUP99B in wild-type quantities, they elicit only weak postmating responses in their mating partners. Males lacking the Dup99B gene elicit the two postmating responses to the same extent as wild-type males. These results suggest that both sexpeptide and DUP99B can elicit both responses in vivo. However, sex-peptide seems to play the major role in eliciting the postmating responses, while DUP99B may have specialized for other, as yet unknown, functions.
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An increase in the rate of egg laying and suppression of remating after copulation (reduced sexual receptivity) are phenomena observed in females belonging to many insect orders [1] [2] [3] [4] [5] . However, for most species, neither the nature of the relevant compounds eliciting these postmating responses, nor their site(s) of synthesis, are known. In Drosophila, three peptides, ovulin (ACP26Aa; accessory gland protein, cytological localization 26Aa), sex-peptide (SP; ACP70A) and ductus ejaculatorius peptide 99B (DUP99B), induce one or both postmating responses. Ovulin is a protein synthesized in the accessory glands [6] . It stimulates the release of mature oocytes from the ovary [7] and elicits an 8-18% increase in the rate of egg laying [8] . Both effects are restricted to the first day after mating. When injected into the abdomen of virgin females at physiological concentrations (2-3 pmol per female), SP [9] and DUP99B [10] induce an increase in the egg laying rate and reduce sexual receptivity to the same level as the act of copulation. However, in contrast to a normal mating where the postmating responses persist for 1 week (long-term effect [11, 12] ), injection of the two peptides elicit responses that last for only 1-2 days (short-term effect). This discrepancy may be caused by the lack of sperm in the injected females, as the persistence of postmating responses is dependent upon the presence of sperm (sperm effect) [11] .
SP and DUP99B show high sequence similarities in the N-terminal regions of the signal peptides and in the C-terminal regions of the mature peptides. The former are cleaved off during maturation [10] . These similarities suggest that the two genes have arisen by gene duplication. Furthermore, each gene contains an intron inserted at the same site of the open reading frame encoding the mature peptides [10] . This, and the at least partial common function of the peptides, qualifies them as members of a new peptide family: the family of SP pheromones [10] . Whereas the gene encoding SP, its putative targets and its functions have been characterized in detail [13] [14] [15] [16] [17] [18] , little is known about the expression of the Dup99B gene and the function of the DUP99B peptide. The presence of a signal peptide in the coding sequence of the Dup99B gene suggests that the encoded peptide is proteolytically cleaved and released into the lumen of the ejaculatory duct [10] . Furthermore, the two most Cterminal amino acids encoded by Dup99B are also removed from the precursor, as they are not present in the mature peptide [10] . As the highly conserved C-terminal regions of SP and DUP99B are essential for eliciting the two postmating responses [15, 16] , the mature peptides may be recognized by the same or structurally related receptors [10, 16, 18] A detailed, comparative discussion of the biochemistry of the two peptides has been published previously [10] .
In this report, we describe the developmental expression pattern of the Dup99B gene. We show that Dup99B is expressed in the male ejaculatory duct and in the cardia of both sexes. The gene is first expressed at a late pupal stage. DUP99B, synthesized in the ejaculatory duct, is transferred during copulation into the female genitalia. Our analysis of transgenic males lacking accessory glands [19] suggests that, in vivo, DUP99B can induce both postmating responses in their mating partners, but only to a small extent. However, males lacking the Dup99B gene, i.e. also lacking the DUP99B peptide, induce the postmating responses to the same extent as wild-type males.
Materials and methods

Plasmid construction and generation of transgenic flies
All promoter constructs were generated in the PX27 vector [20] . First, the differently sized promoter fragments were amplified by PCR using, as a template, D. melanogaster wildtype Oregon R genomic DNA [10] . The primers were designed to introduce EcoRI and XbaI recognition sites. The constructs were subcloned into transformation vector pX27 using the XbaI and EcoRI sites. The 750 bp fragment was amplified using primers D1 (3¢-CGGAATTCGATAT GAAACATTTTCCCTTCT-5¢) and D2 (5¢-GCTCTAGA TGCGAGTACGAAGCTTG-3¢). The 210 bp fragment was amplified using primers D1 (see above) and D3 (5¢-GCTCTAGATAGCTGTACCATGAATACGAA-3¢). The 100 bp fragment was amplified using primers D1 (see above) and D4 (5¢-GCTCTAGAGATATTACATATT GATTGCC-3¢), and the 40 bp fragment was amplified using primers D1 (see above) and D5 (5¢-GCTCTA GAGTTGGATATATATAGAGAAG-3¢). All primers were synthesized by Microsynth (oligo@microsynth.ch). The sequencing was performed by the sequencing laboratory of the Zoological Institute, University of Zurich-Irchel.
Fly stocks
The fly strains used in this work were Df(2 L)Prl/prd 2.45 [19] , wild-type Oregon R (OreR), w 1118 [21] , and TM6B/ Df(3R)01215. Stocks were kept in two replicas at 18°C, under a 12 h light/12 h dark photoperiod and 60% humidity, on standard food.
Behavioural tests
Oviposition test. Five day old virgin females were mated with 5 d old males. Eggs laid by individual females (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) were counted in a 24 h period. Each experiment was repeated three times.
Receptivity test. Wild-type OreR virgin females were first mated either to mutant or to wild-type OreR control males. Immediately after mating, each mated female was confronted with a new wild-type OreR male. Remating is expressed as percentage of females copulating in 1 h.
Rejection test. Wild-type OreR virgin females were first mated either to prdRes or to wild-type OreR control males. Immediately after mating, each mated female was confronted with a new wild-type OreR male. Her response towards the courting male was observed during an interval of 10 min. The encounters followed by extrusion of the ovipositor were counted. At least 15 females were tested with prdRes and wild-type OreR males, respectively. Male genital tracts were dissected in 0.05% (v/v) Tween-20 in NaCl/P i (PBST), fixed for 20 min with 4% paraformaldehyde (PFA), washed with NaCl/P i , incubated for 1 h in 1 mL of 5-bromo-4-chloroindol-3-yl b-D-galactoside solution, washed again with NaCl/P i , and mounted in 8% glycerol. For cryostat sections we followed the instructions described in the mRNAlocator TM (Ambion, Inc.) manual.
Digoxygenin RNA in situ hybridization
The genitalia of 5-day-old males were dissected in PBST, fixed for 20 min in 4% PFA, washed for 5 min with PBST, and fixed again for 20 min in 4% PFA followed by a 5-min wash in PBST. Then the genitalia were dehydrated for 5 min each in 30%, 50%, 70%, 95% and absolute ethanol, rinsed in a 1 : 1 (v/v) mix of ethanol/xylene, soaked in xylene for 2 h, rinsed again in a 1 : 1 (v/v) mix of ethanol/ xylene, and finally rinsed in ethanol. After this step, the genitalia were stored for 2 days in methanol at )20°C, ). After washing, the genitalia were refixed with 4% PFA for 20 min and incubated for 1 h at 55°C in hybridization solution (50% formamide, 5· NaCl/citrate, 100 lgAEmL )1 sonicated denatured salmon sperm DNA, 50 lgAEmL )1 heparin, 0.1% Tween-20). After removing the prehybridization solution, the denatured probe was added and incubated overnight in an oven at 55°C. A series of washings at 60°C followed the hybridization step, 20 min each in a mixture 4 : 1, 3 : 2, 2 : 3, 1 : 4 (v/v) hybridization solution/PBST, respectively, and twice (20 min each wash) in PBST. All detection steps were performed at room temperature. The genitalia were incubated for 1 h 45 min with antibody conjugate [1 : 2000 in PBST (v/v), preabsorbed first for 1 h with female genitalia], washed in PBST, and then washed three times (5 min each wash) in 100 mM NaCl, 50 mM MgCl 2 , 100 mM Tris/HCl, pH 9.5, 0.1% Tween-20. Western Blue (a stabilized substrate for alkaline phosphatase) was added to the genitalia. The colour reaction was allowed to develop for 40 min in the dark and then stopped by washing the preparation in PBST.
RNA extraction and RT-PCR, Western blots and whole mount incubations with DUP99B antibodies
The QuickPrepÒ Total RNA Extraction Kit (Pharmacia Biotech; Cat. no. 27-9271-01) was used for isolating RNA. RT-PCR was performed using the Titan one Tube RT-PCR Kit (Boehringer Mannheim; Cat. no. 1939 823). Western blots were carried out according to the ÔModified Tricine GelelectrophoresisÕ method of Scha¨gger & von Jagow [22] .
For whole mount incubations with DUP99B antibodies, male genital tracts were dissected on ice and fixed with 3.7% formaldehyde in PBS/0.1% (v/v) Tween-20, at room temperature, for 5 min on a shaker. Permeabilization was achieved by incubating the tissue for 10 min at room temperature in H 2 O 2 /methanol/H 2 O (0.75%/75%/25%, v/v/v) on a shaker. Subsequently, the tissue was washed, several times, in PBS/0.1% (v/v) Tween-20. The application of a 1% (v/v) BSA solution for blocking nonspecific interactions was optional. Then, the first antibody (DUP99B-specific, raised in rabbit) was applied overnight at 4°C. The preparations were then washed four times (15 min each wash) with PBS/0.1% (v/v) Tween-20. The second antibody, biotin-labeled goat anti-rabbit IgG, was applied at room temperature for 2 h, then excess was removed by four washes (15 min each wash) with PBS/0.1% Tween-20. ABC solution (streptavidin-HRP; Vectastain ABC Kit, Reactolab S.A., Servion, Switzerland; http://www.reactolab.ch) was applied for 1 h at room temperature. The preparations were rinsed three times and subsequently washed with the same solution four times (15 min each wash). Staining was performed, using 3,3¢-diaminobenzidine as a substrate, in staining buffer until the desired stain intensity had developed (Vectastain ABC Kit, Reactolab S.A.).
Results
The Dup99B gene is expressed in the male ejaculatory duct and in the cardia of both sexes For analysis of the promoter region of Dup99B, and to characterize the peptide coding part, the Dup99B gene region was isolated and sequenced by Saudan et al. [10] . Two positive clones were obtained when colony lifts of cosmids and P1 clones extending over the cytological region, 99B, were hybridized with a genomic Dup99B probe. One clone contained the full coding sequence for DUP99B and a 750 bp upstream fragment; the other clone contained only the 3¢ part of the gene. The 750 bp fragment of the Dup99B upstream region was used as a template for PCR to generate four fragments of different sizes of the 5¢ flanking sequence: 750 bp, 210 bp, 100 bp, and 40 bp, respectively (Fig. 1) . The XbaI and EcoRI cutting sites introduced at the 5¢-and 3¢ ends, respectively, were used to insert these fragments into the transformation vector, PX27. This vector contains a nuclear localization sequence that restricts the b-galactosidase activity to the nucleus. The vector containing the promoter fragments was injected into w 1118 embryos to obtain transgenic lines [21, 23] .
The b-galactosidase activity was tested in whole mounts and in cryostat sections of 5-day-old transgenic flies of both sexes. In all transgenic flies, except the ones transformed with the 40 bp fragment, b-galactosidase activity was found in the male ejaculatory duct (Figs 1 and 2B ) and in the cardia of males and females (Fig. 2F) . In the cardia, the staining appeared in the inner and outer epithelium of the valve, extending from the inner epithelium to the oesophagus and ending in the mouth region. In comparison to the staining pattern in the ejaculatory duct, the intensity of the colour reaction in the cardia was weaker, but still clearly visible.
As shown by cryostat sections taken at different developmental stages, the lacZ reporter gene is first expressed in late pupae (Fig. 2G ). This is also the time-point of earliest SP gene expression [13] . Thus, this finding can be added to the list of similarities of the two peptides.
Dup99B mRNA is present in the ejaculatory duct and in the cardia Dup99B transcripts were localized on whole mount male genitalia by in situ hybridization of an antisense digoxygenin-labelled Dup99B probe generated on a Dup99B cDNA template. Whereas the sense probe (control) did not yield any signal in the ejaculatory duct (Fig. 2C) , a clear signal was found in the thick-walled upper part of the anterior ejaculatory duct with the antisense probe (Fig. 2D) . No signals were observed in other parts of the male genital tract. In contrast to the b-galactosidase activity of the reporter gene (see above), the signal was not extended to the lower, slender part of the ejaculatory duct.
To confirm Dup99B expression in the cardia at the mRNA level, we performed in situ hybridizations on cryostat sections. The strength of the signal in the cardia did not exceed background (results not shown). Hence, we decided to apply RT-PCR, a considerably more sensitive technique. RT-PCR was performed using RNAs extracted from homogenates of female abdomen, from female head and thoraces, total females, male heads and male ejaculatory ducts. As there is high similarity in the C-terminal parts of the two peptides and in the signal peptide sequences, we designed an upstream primer based on the nucleotide sequence encoding the N terminus of the mature DUP99B peptide. The RT-PCR yielded a product of 200 bp in the lanes loaded with RNA isolated from female head and thoraces, from homogenates of total females, from male heads, and with RNA from the ejaculatory duct, but not in the lane of the RNA extract obtained from female abdomen (Fig. 3) . The presence of the Ôhead-thorax bandÕ was not dependent on the sex of the flies, and was the same size as the band appearing in the lane loaded with RNA extract from the ejaculatory duct (Fig. 3, and results not shown) . Sequencing of the DNA revealed that each of the positive samples contained Dup99B cDNA. 
Synthesis and transferral of DUP99B
The peptide DUP99B is synthesized in the ejaculatory duct and in the cardia of both sexes. During copulation it is transferred into the female abdomen. As revealed by in situ hybridization and/or RT-PCR, Dup99B transcripts are present in the ejaculatory duct and in the Ôhead-thoraxÕ RNA extracted from both sexes (Figs 2 and 3) . Next, we addressed the question of whether the peptide DUP99B is present in the ejaculatory duct of the male and in the heads of both sexes, i.e. whether the Dup99B mRNA is transcribed, and, if so, whether the peptide DUP99B is transferred into females during copulation. Western blots were performed with antibodies generated against DUP99B. Homogenates of ejaculatory ducts, and of virgin and mated females, were loaded onto a gel and analysed. As shown in Fig. 4A , the DUP99B antibody recognizes DUP99B in the ejaculatory duct and also in the genital tract of mated females. The band recognized by the antibody in the extract of virgin females is weak and probably originates from DUP99B expressed in the cardia of females. Indeed, in head extracts of males and females, the DUP99B antibody recognizes a peptide of the same size as native DUP99B (Fig. 4B) . A whole mount staining procedure, based on the same DUP99B antibody, yielded a strong staining in the ejaculatory duct (Fig. 4C) . In addition, we observed weak staining at the tip of the accessory glands. Hence, DUP99B is synthesized in the ejaculatory duct and it is transferred into the female genital tract during copulation. Furthermore, the peptide is probably also synthesized in the cardia of both sexes.
Males lacking accessory glands synthesize the peptide DUP99B
The D. melanogaster paired (prd) gene is a member of the pair-rule gene family required for the proper establishment of the anterior-posterior axis in the Drosophila embryo [24] . The transcription factor encoded by prd contains two DNAbinding domains in its N-terminal moiety: a prd domain and a prd-type homeodomain [25, 26] . The prd mutants are embryonic lethals and display a pair-rule cuticular phenotype [27] . Xue et al. [28] found that, in addition to its role in the embryo, prd also functions in the adult. The rescue construct, prdRes, is able to rescue the embryonic phenotype to adulthood, but all rescued males are sterile [19] . Morphological analysis showed that prdRes males completely lack accessory glands. However, these males do not show any apparent morphological abnormalities in the ejaculatory duct, the testis, and in sperm production and motility [19] . Hence, prdRes flies can be considered as accessory gland Ônull-mutantsÕ and, thus, as null mutants for all ACPs.
Xue & Noll [19] reported that wild-type females mated to prdRes males increase their egg laying rate for several days, but only to 40% of the level of a wild-type · wild-type mating. Furthermore, the females mated to prdRes males recopulate after 1 h. The second finding is surprising, as prdRes males do have an ejaculatory duct and, thus, they should synthesize and transfer DUP99B. When injected, DUP99B triggers both postmating responses [10] . Therefore, Western blots were performed with homogenates of ejaculatory ducts of wild-type OreR males and prdRes males, respectively, using antibodies against DUP99B as a probe. The results showed that prdRes males do synthesize DUP99B at a level comparable to that of the wild-type control males (Fig. 4D) . Whether or not DUP99B is transferred by the prdRes males to their mating partners, could not be answered by means of Western blots. In the relevant crosses, prdRes males were seldom found and they copulated at a low frequency. Therefore, it was not possible to collect sufficient female genital tracts for the assay. As an alternative, we tested the few wild-type females, which had mated with prdRes males, for rejection behaviour, a typical behaviour shown by mated females towards courting males [29] .
Females mated to males lacking accessory glands show rejection behaviour
After copulation, or after injection of SP or DUP99B, females not only increase their egg laying rate but they also reduce their sexual receptivity. Under laboratory conditions, reduction of female receptivity is measured using two tests, namely the receptivity test and the rejection test [9] . The receptivity test measures the percentage of females that copulate during a time interval of 1 h. The rejection test derives its name from the most conspicuous behaviour displayed by the mated female towards courting males, the extrusion of the ovipositor (females also kick, fend, etc., to avoid copulation [29] ). A virgin female seldom extrudes the ovipositor. In contrast, mated females, or females injected with SP or DUP99B, vigorously extrude their ovipositors when encountering males. In a rejection test, we investigated whether wild-type females, after mating to prdRes males, extruded their ovipositors when challenged with wild-type males. As shown in Table 1 , prdRes males and control males elicited ovipositor extrusion at almost the same frequency.
The fact that females mated to prdRes males extrude their ovipositor, suggests that prdRes males indeed have transferred the products of their genital tract and that these products are able to initiate rejection behaviour. The seminal fluid of those males does not contain the products of the accessory glands, but very probably contains . # , homogenate of a wild-type OreR male; ED, homogenate of a ejaculatory duct from a wild-type OreR male; prd, homogenate of a ejaculatory duct of a prdRes male; nDup, native DUP99B; sDup, synthetic DUP99B (lacking the glycosyl group); sSP, synthetic sex-peptide. (E) TM6B/ Def(3)01215 males (DUP99B null-males) do not synthesize the DUP99B peptide. nDup, native DUP99B; sSP, synthetic sex-peptide; #, wild-type OreR male ejaculatory ducts; TM6B, ejaculatory ducts from TM6B/Def(3R)01215 males; C 1, control 1 (ejaculatory ducts from TM6B/+ males); C 2, control 2 (ejaculatory ducts from Def(3R)R01215/+ males). DUP99B synthesized in the ejaculatory duct (see above). A receptivity test was performed to determine for how long females mated first to prdRes would reject the second, wildtype males. All females that had previously mated with prdRes males rejected control wild-type males for almost 1 h. However, at the end of the assay they had all remated (Table 1) . These results suggest that prdRes males transfer DUP99B during copulation and that the peptide elicits both postmating responses in vivo. However, the weakness of the postmating responses suggests that the amount of DUP99B transferred is low, that a lack of sperm may influence the activity of DUP99B, or that DUP99B can initiate the reduction of receptivity but lacks the ability to keep it reduced for a longer period of time owing to the lack of sperm. If DUP99B is not able to maintain a low receptivity after mating, SP may be the peptide responsible. If this assumption holds, we would expect to observe only minor differences between the postmating responses of females mated with wild-type males and females mated with males lacking the gene coding for DUP99B (Dup99B-null males). As we show below, this is indeed the case.
Characterization of a Dup99B deletion mutant: mating of females with a male lacking the Dup99B gene does not affect the postmating responses By serendipity we discovered that the TM6B balancer chromosome, used in our studies, contains a small deletion for the Dup99B gene. While screening the DNA of mutagenized stocks for Dup99B mutants, we occasionally found an unexpected smaller fragment on DNA gels when the TM6B chromosome was used as a balancer chromosome. Sequencing of the relevant region revealed a partial deletion of the Dup99B gene (nucleotide +31 to nucleotide +357, inclusive). In the TM6B chromosome, this deletion was replaced with an insertion of seven nucleotides (5¢-CACACTCCA-3¢, insertion underlined; results not shown). Translation of the newly created open reading frame leads to a predicted peptide of 125 amino acids. This peptide contains the first 10 amino acids of the DUP99B signal peptide at its N-terminus. The 11 C-terminal amino acids of the signal peptide, and the complete coding region of the mature DUP99B peptide, including the two most C-terminal amino acids of the precursor, are deleted. Therefore, no mature DUP99B is synthesized (see below). As TM6B homozygotes are lethal, we used the TM6B deletion over the deficiency Df(3R)01215. The deficiency Df(3R)01215 deletes the cytological region 99A1-99C1, i.e. includes the Dup99B gene (BDGP Project Members, 1994-99). Df(3R)01215 homozygotes are lethal. Western blots of ejaculatory ducts isolated from TM6B/Df(3R)01215 males (hereafter dubbed Dup99B-null males), probed with polyclonal DUP99B antibodies, showed that the peptide is not expressed in their genital tract (Fig. 4E) . Otherwise, these males seem to be normal. Courtship does not deviate from the wild-type scheme. Females are not affected in any obvious ways.
As in vivo DUP99B elicits oviposition [19] and ovipositor extrusion (this work), we investigated egg laying and receptivity in females mated with males lacking the Dup99B gene. Five-day-old Dup99B-null males and control males (TM6B/+ and Df(3R)01215/+, respectively) were mated with 5-day-old wild-type virgin females, and egg deposition was monitored each day. As shown in Fig. 5 , egg laying was the same in all three matings. In a receptivity test, none of the 30 females mated to the Dup99B-null males remated when challenged, 24 h later, with wild-type males (three mated females · seven wild-type OreR males per assay). These results are not surprising. Although DUP99B is missing, Dup99B-null males have a normally functioning SP. Hence, their mating partners show normal, Ôwild-typeÕ postmating responses.
Discussion
Dup99B is expressed in the male ejaculatory duct and in the cardia of both sexes
The three largest promoter fragments drive lacZ expression in the ejaculatory duct of the male and in the cardia of both sexes (Figs 1 and 2) . In situ hybridization of a digoxygeninlabeled Dup99B probe to whole mounts of male genitalia (Fig. 2D) , and RT-PCR analysis (Fig. 3) , showed that Dup99B transcripts are present in the ejaculatory duct. These results confirm the findings of the promoter analysis. The signal of the in situ hybridization is localized in the distal, thick part of the ejaculatory duct. In the proximal, thinner part, the signal was more variable. Hybridizations (using the same digoxygenin-labeled probes) on cryostat sections gave only a weak signal in the cardia, and the intensity did not exceed that of the controls (results not shown). With the sensitive RT-PCR method, however, Dup99B transcripts were clearly demonstrated in the headthorax extract of females and in the heads of males (Fig. 3) . The presence and localization of the DUP99B peptide were assayed on whole mount incubations and on Western blots, using polyclonal DUP99B antibodies as a probe (Fig. 4) . The ejaculatory duct was stained on whole mount incubations of male genital tracts (Fig. 4C ). Western blots with the same probe confirmed that the DUP99B peptide is present in the ejaculatory duct (Fig. 4A ) and in female and male heads (Fig. 4B) . Taken together, our results show that Dup99B transcripts and the peptide are present in the ejaculatory duct of the male genital tract and in the cardia of both sexes. We conclude that the Dup99B gene is expressed and the mRNA translated in these organs.
The earliest time of expression of the lacZ reporter gene was found to occur in the late pupa (Fig. 2G ). This coincides with the completion of the development of the ejaculatory duct [30] . The SP gene is also first expressed in the late pupa [13] , at the time when the accessory glands complete their morphological development [30] . Thus, in the male genital tract, synthesis of both peptides starts as soon as the development of their tissues of origin is terminated.
The fate and function of DUP99B
The mature DUP99B peptide is synthesized via a precursor [10] . The precursor contains a signal peptide of 21 amino acids at its N-terminus and two additional amino acids, not present in the mature peptide, at its C-terminus. They are cleaved off during maturation of the peptide. The presence of the signal peptide indicates that the mature peptide is secreted from the cells where it is synthesized, i.e. from the cardia and the ejaculatory duct. The finding that DUP99B is transferred during copulation (Fig. 4A) confirms that the peptide is secreted into the lumen of the ejaculatory duct, and probably acts as a male peptide eliciting postmating responses in the female in vivo (but see below). The expression of DUP99B in the cardia of both sexes suggests that it may play an additional role in the male and the female outside the genital tract. The cardia is a very little studied organ. It is described as having a dual function as a sphincter (to prevent regurgitation of the ventricular content) and as a site of production and molding of the peritrophic membrane [30] . Considering that the reporter gene was expressed in the layers surrounding the lumen of the cardia, we suggest that DUP99B may be involved in the sphincter function, for example by inducing contraction. This hypothesis is supported by the fact that injection of DUP99B into the female abdomen triggers contractions of the oviduct, resulting in ovulation with subsequent egg laying [10] .
Western blots show that, after mating, DUP99B is present in the genitalia of mated females (Fig. 4A ). After mating with wild-type males, females increase their egg laying rate and reduce their receptivity for 1 week [11] . Studies with XO and Ôtudor malesÕ (XO males do not transfer sperm, sons of homozygous tudor mothers lack a germline) have shown that without sperm transfer, the postmating responses persist for only 1 day (short-term effect). This has been taken as evidence that the presence of sperm is needed for the persistence of the two postmating responses (long-term effect [11, 12] ). In the prdRes males [19] (and this work), the accessory glands, with their proteins and peptides, are missing. Hence, ovulin and SP cannot trigger the postmating responses in their mating partners. Thus, DUP99B seems to be the only candidate remaining for eliciting the postmating responses in these males. However, after a mating with a prdRES male, the females' reduction of receptivity is almost absent and egg laying is only partially stimulated [19] . This may have several causes. First, these females do not receive the accessory gland proteins necessary for efficient sperm storage. Hence, as reported by Tram & Wolfner [31] , only 10-18% of the transferred sperm may be stored. Also, in comparison with SP, the amount of DUP99B transferred may be sufficient to elicit a partial increase of the egg laying rate, but not enough to support a marked reduction of receptivity. Third, the two postmating responses have a different dynamics and, thus, affect the results of the bioassays. Mated females begin to oviposit 3 h after the mating event (A. Rexhepaj, M. Soller and E. Kubli, unpublished results). Consequently, the oviposition test is often performed 1 day after mating or injection of a peptide, the interval of 1 day being necessary for the oviposition response to fully develop and stabilize. In contrast, the reduction of receptivity is seen immediately after mating (A. Rexhepaj and E. Kubli, unpublished results). The postmating behaviour of females is studied using two tests differing in sensitivity. In the Ôreceptivity testÕ [9] used by Xue & Noll [19] , the mating behaviour of the tested females is observed for 1 h, and the copulations in this time interval are used as a quantitative measure for receptivity. The Ôrejection testÕ is based on one of the major elements of the rejection repertoire that individual females display immediately after mating: extrusion of the ovipositor [29] . This latter test is more sensitive. Applied to matings with prdRes males, we could clearly see the extrusion of the ovipositor (Table 1) . However, after 1 h, all females had copulated, as also observed by Xue & Noll [19] . Taken together, these results suggest that in vivo, in comparison with SP, the action of DUP99B may be weaker. This view is supported by the fact that oviposition and reduction of receptivity of wild-type females are not significantly different after copulation with either males lacking the Dup99B gene or wild-type males, respectively (Fig. 5) . Thus, in vivo, DUP99B seems to play only a secondary role in eliciting the postmating responses.
On cryostat sections prepared from females, radioactively labelled DUP99B binds, similarly to SP, to the uterus and the oviduct, and to specific parts of the central and peripheral nervous system [16] . Competition experiments revealed that the binding occurs via the C-termini of the two peptides, i.e. the parts showing high similarity. This is also the part necessary to elicit the two postmating responses [15] . Thus, together with SP, DUP99B may elicit the postmating responses via these putative targets in the nervous system.
Another target of SP, but not of DUP99B, is the corpus allatum. Incubation of excised corpora allata/corpora cardiaca complexes with SP induces juvenile hormone synthesis [17] . Juvenile hormone promotes the progression of oocytes from stage 9 to stage 10, but neither increases oviposition nor reduces receptivity [32] . Fan et al. [17] have shown that the N-terminal part of SP is essential for the stimulatory action on the corpus allatum. As the sequences of the N-terminal parts of SP and DUP99B are different, it is not surprising that the latter peptide cannot elicit juvenile hormone synthesis in these explants.
The similarities found in the signal sequences and in the C-terminal parts of DUP99B and SP suggest a common origin of the two genes. DUP99B is expressed in the cardia of both sexes and in the male genital tract, whereas SP is expressed sex-specifically only in the accessory glands of the male [9, 10] . These findings, and the lack of any effect of DUP99B on the synthesis of juvenile hormone in the corpora allata, suggest that the functions of the two peptides are only partially overlapping. Both elicit the postmating responses; hence, this function may represent the ancient role of the product of the common ancestor gene. With time, however, SP may have taken the lead in the control of the female postmating behaviours induced by the seminal fluid transferred during mating. DUP99B may have evolved to perform some, as yet unknown, function in the cardia of both sexes.
